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(54) System and method for integrated circuit design 



(57) A software suite supporting a methodologies- 
based approach for the development of large scale 
integrated circuits. Platforms are configured as web 
servers (2503) so that they may be easily accessed by 
designers in widely-varying physical locations and with 
widely-varying computer workstation capabilities. 

A suite of methodologies is defined for each block 
(101, 103, 105, 107, 109, 111) of an integrated circuit 
(100). This suite is defined by expert designers, 
through the use of an interface, who enter information 
regarding the steps and tools (2300-2306) to be used 
during design of the blocks (101, 103, 105, 107, 109, 
111). The expert designer provides whatever 
documentation is deemed appropriate to aid in 
completion of the steps. 

For each block (101, 103. 105, 107, 109, 111) within 
an integrated circuit (100), an expert designer 
attaches a methodology or set of methodologies in an 
ordered fashion to a block (101, 103, 105, 107, 109, 
111). These methodologies are. then used by block 
designers to design and implement the block. 

The invention provides extensive reporting 
capability regarding the status of development of each 
block, as well as metrics pertaining to the 
implementation of the design. These metrics include, 



for example, information pertaining to the run time of 
various tools, the time taken to accomplish each 
methodology, as well as each step in that methodology. 

The invention also includes a common software 
interface (CSI). The CSI defines a number of functions 
which are to be supported by each tool (2300-2306) used 
within the system. The functions allow other tools 
within the system to access data or information from 
other tools. 
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[0001] This application relates generally to integrated circuit design systems and methods, and more 
particularly to an environment for designing integrated circuits. 

5 [0002] Integrated circuits have become increasingly complex, and perform ever increasing functions. Indeed, 
integrated circuits on a single chip now often perform functions which were previously performed .by sets of chips or 
even by one or multiple circuit boards. As single chip integrated circuits now perform functions previously 
performed by entire systems, these single chip integrated circuits are sometimes referred to as system-on-chip (SOC). 
[0003] Complex integrated circuits, particularly SOCs, are often designed in terms of blocks, with a number of 
blocks making up the integrated circuit. The large number of blocks on a single chip, and the complexity of each of 

10 the blocks, increases the difficulty of the design and test of the integrated circuit as a whole. FIG. 1, for 
example, is an illustration of an integrated circuit 100. As shown, the integrated circuit (IC) consists of multiple 
interconnected blocks 101, 103, 105, 107, 109, 111. Each block typically contains complex circuitry performing 
complex functions. As illustrated, the integrated circuit of FIG. 1 contains six blocks. In actuality, an integrated 
circuit will generally contain many more blocks than illustrated, and will include PAD and PORT cells for the 
reception and transmission of signals from and to the integrated circuit. The use of six blocks in the integrated 

15 circuit 100 of FIG. 1 is meant to illustrate that an integrated circuit 100 may contain a plurality of blocks. Block 
1 101 of the integrated circuit of FIG. 1 is a block designed and tested specifically for the integrated circuit 
Block 2 103 is a block provided by a third party supplier. Block 3 105 is a proprietary block reused from another 
design from the same manufacturer, and block 4 107 is a block designed and tested by a remote design team. Thus, 
the integrated circuit of FIG. 1 includes blocks developed specifically for the integrated circuit 101, blocks 
derived from third party sources, blocks previously developed in-house 105, and blocks designed by remote design 
teams 107. 

[0004] For the integrated circuit to function properly each of the blocks must work with the other blocks in an 
integrated fashion. In addition, it is desirable that operation of the integrated circuit 100 as a whole be verified 
prior to actual construction of the physical circuit. Accordingly, each of the blocks must be supported by a testing 
tool used to verify the functionality of the integrated circuit as a whole. In other words, the methodologies used 
25 in the design and tests of each of the blocks independently should preferably have been done using the same 
methodologies, and at a minimum must have been accomplished using non-contradictory methodologies. 
[0005] Use of contradictory (different) methodologies is likely to result in substantial rework further along in 
the design process. For example, a chip may be designed using a specific file format for mask layers. A remote 
design team, however, may provide a block using a different file format for the mask layer, resulting in an 
unuseable block. 

30 [0006] In order to design and test such an integrated circuit within schedule, multiple design teams in 
geographically distant locations may be used to implement and test the design. In addition, it is desirable to reuse 
existing blocks, sometimes referred to as block intellectual property (IP), in order to decrease design time and to 
reduce design associated costs. When implementing a design containing 10,000,000 to 25,000,000 gates, the reuse 
and modification of IP blocks becomes increasingly attractive. Once a block has been developed at great expense and 

35 effort it is desirable to reuse that block at a later time. 

[0007] The use of geographically distant design teams and the reuse of block IP presents several problems. A 
number of design tools, or methodologies, are available to assist designers in the design process, and the 
complexity of the designs often mandates the use of such tools. The use of different tools by different design teams 
during the design process may result in an unusable design. Similarly, the design and test of previously designed 
blocks may also have utilized different tools, also resulting in an unusable design. Further, design and test tools 

40 often require that certain environmental parameters be assigned. Use of the same tools, but with differing 
environmental parameters, may also result in unworkable or unusable designs. 

[0008] The determination of the tools and environmental parameters to use in designing an integrated circuit 
require a great deal of skill and knowledge, often gained by experience. Thus, the use of the tools is sometimes 
hampered if an individual designer does hot have sufficient experience with the various tool sets or their use. 
Accordingly, design teams often heavily rely on a few specific highly skilled individuals to determine the design 
45 flow. The loss of such highly skilled personnel during the design process may inordinately impair the effectiveness 
of the design team and result in delays in producing the integrated circuit. Work on further integrated circuits may 
also be delayed due to the lack of a sufficient number of highly skilled personnel. 

[0009] The use of geographically distant design teams and the use of IP blocks, which may have been developed 
by third party developers, also presents management problems. The use of distant design teams may result in 

50 difficulties in accurately assessing the progress of the various design teams and their allotted tasks. Monitoring 
the design teams to ensure that the appropriate tools and environmental parameters are being used is also difficult 
[0010] Using the Internet, networks may be connected with each other over a distance using protocols such as 
Transmission Control Protocol (TCP) and Internet Protocol (IP). Each of the networks may be comprised of a number of 
servers, and each network may be an intranet, which is separated from the rest of the Internet, for example, by a 
firewall that prevents unauthorized access into the intranet Thus, over the intranet, various servers for various 

55 different tasks communicate with clients at remote locations. 

[0011] The World Wide Web (WWW), in particular, is useful for linking information between remote groups. 
Information on the WWW is typically organized and viewed as web pages which may contain multimedia elements 
including text graphics, sound and animation. To create web pages, a markup language called Hypertext Markup 
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Language (HTML) is typically used although a markup language called Extensible Markup Language (XML) is also 
beginning to be used. 

[0012] The web pages are typically viewed using a web brows r running on individual comput rs. The web 
browsers are capable of interpreting HTML commands in order to display or otherwise process text, graphics, sound, 
animation and other multimedia elements. The web pages are usually located on a host server called a web server. The 
location of each web page is defined by a Universal Resource Locator (URL). The web browsers communicate with the 
web server using a protocol called Hypertext Transfer Protocol (HTTP). To access a particular web page, the web 
browser running at an engineering workstation works as a client and sends the URL request to the web server. When 
the requested web page is located on the web server, the web server sends the web page back to the web browser for 
display. 

10 [0013] Using a browser, a database is accessed through the use of Common Gateway Interface (CGI) script The 
CGI script is a resident program on the web server and is often executed as a result of an action by a user using a 
web browser. Execution of the CGI script may, for example, cause the web server to access a data base to retrieve 
requested data, and return the retrieved data to the web browser. 

[0014] It is a consideration of the present invention to provide an environment for designing integrated circuits. 
[0015] According to one aspect of the present invention there is provided an integrated design environment for 
15 the design and test of integrated circuits, the integrated circuits being comprised of blocks, comprising: a 
plurality of computers, the computers including a browser for the display of pages including forms; at least one 
methodology server connected to the plurality of computers by a network, the methodology server including a page 
generator generating the pages including forms and additionally including programs responsive to submission of 
information from the computers using the pages including forms; and at least one compute server connected to the 
network, the compute server including an electronic design automation tool, the compute server executing the 
electronic design automation tool in response to a request generated by a program resident on the methodology 
server. 

[0016] Preferably the programs are responsive to submission of information comprising common gateway interface 
(CGI) programs or scripts. 

[0017] The pages including forms may include methodology capture pages which are used to capture executable 
25 methodologies. 

[0018] According to another aspect of the present invention there is provided a method of designing blocks using 
computers for use in integrated circuit design comprising: capturing a design methodology, the design methodology 
having steps, the steps including sub-methodologies; attaching the design methodology to a block; and executing the 
design methodology for designing a block. 

[0019] According to another aspect of the present invention there are provided executable methodologies or 
30 design methodologies, comprising information on data management and data accessibility so that the resulting design 
data is properly recorded in different directories and is accessible to authorized users; the methodologies further 
comprise information on revision control and. logistics with which different versions of the design are easily 
tracked while the logistics of manufacturing flow from block designing to integration to fabrication is planned out 
in a seamless manner. 

35 [0020] Other aspects of the invention are as defined in the accompanying independent claims 47, 48 and 49. 
[0021] The integrated design environment and method have the following advantages. 

[0022] Within the integrated design environment, different design teams at remote locations may use common 
automation tools and libraries during the design process. Thus, by providing a common set of tools and libraries to 
the different design teams, the integrated design environment averts the possibility of generating an unusable 
design due to use of different design tools or environmental parameters by different design groups at remote 
40 locations. In other words, use of the common set of tools and libraries within the integrated design environment 
will result in compatible data file formats, testing requirements, and environmental parameters requirements between 
blocks designed at different locations. 

[0023] Since workers at all the remote locations will be using a common set of tools within the common 
integrated design environment, all the workers will become skilled at using the common set of tools and libraries. 
45 Thus, even if some of the workers depart from the organization, the impact due to loss of particular skill sets is 
minimized. Therefore, the organization is largely relieved from the burden of meeting schedule while training new 
workers to use the tools. 

[0024] The integrated design environment also provides for automated documentation and scheduling with which 
each of the remote design teams may monitor progress of other design teams and to schedule their design activities 
to complement the design activities of other design teams, resulting in concurrent engineering. The automated 
50 documentation and scheduling are used by different workers in the same design group to keep track of each other's 
progress to schedule their design activities in light of the design activities of other workers. 

[0025] A detailed description of the invention will now be given, by way of example, with reference to the 
accompanying drawings in which: 

FIG. 1 is a representation showing integrated circuit blocks arranged on an integrated circuit substrate; 



FIG. 2 is an illustration of an embodiment of a network architecture. 
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FIG. 3 is a block diagram showing the interconnection of remotely located workstations, design facilities and 
the hardware interconnections; 

FIG. 4 is a diagram of the primary design server, 

FIG. 5 illustrates communication betwe n the workstation, web server, and compute (computation) server of FIG. 2; 

FIG. 6 illustrates four embodiments of communication between an EDA tool and an application, including 
embodiments having a common software interface, in accordance with the present invention; 

FIG. 7 further illustrates inter-tool communication using a common software interface server; 

FIG. 8 illustrates a flow chart of a process of an embodiment of the invention; 

FIG. 9 is a flow chart of a process of designing an integrated circuit according to one aspect of the present 
invention; 

FIG. 10 illustrates a flow chart of a process for capturing methodologies; 
FIG. 1 1 illustrates a screen showing a sample of available tools; 

FIG. 12 is a block diagram illustrating a process of designing a block by executing methodologies using the 
interface and flow control tool; 

FIG. 1 3 is a flow chart of a process of using XML as a methodology capture script; 

FIG. 14 is a flow chart of a process of selecting file steps that are to be associated with automatic 
compression and decompression; 

FIG. 1 5 is a flow chart of a process of editing a file which may have been compressed; 

FIG. 16 is a flow chart of a process of executing a job to be included, for example, in a launch script; 

FIG. 17 is a flow chart of a process of executing a chain job with automatic compression and decompression; 

FIG. 18 is a flow diagram illustrating an embodiment of a process for creating a home page for a block or chip, 
including actions for preparing the block for methodology execution; 

FIG. 19 is an illustration of a chip's home page; 

FIG. 20 is an illustration for a block's home page; 

FIG. 21 illustrates a sample page showing available processes; 

FIG. 22 illustrates a flow diagram of a process for executing a methodology; 

FIG. 23 illustrates a sample design flow for a methodology having multiple steps; 

FIG. 24 illustrates an editable file step; 

FIG. 25 illustrates the examination of file contents in a pop up window; 

FIG. 26 shows an embodiment of a screen that is used to report problems encountered while engaged in the design 
process; 

FIG. 27 shows a flow chart of an embodiment of a problem reporting process; 
FIG. 28 shows an embodiment of the screen used for power planning; 

FIG. 29 is an illustration of a embodiment of a network architecture in accordance with aspects of the present 
invention; and 

FIG. 30 is a flow diagram of an example of a job step execution. 
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I. Overview 

[0026] FIG. 2 is a block diagram of a design system in accordance with the present invention, and provides a 
convenient reference for an overview of aspects of the present invention. The design system includes an in-house 
system 2501 comprised of a plurality of computer devices connected by an intranet The in-house system is connected, 

5 through the Internet 2502, to customer systems 2503, 2505. 

[0027] As illustrated, the in-house system includes web servers 2507, archive-servers 2509, compute servers 
2511, and engineering workstations 2513. A workstation as defined here comprises workstations as typically known to 
those skilled in the art, PCs, notebook computers and any other form of computing device capable of being networked. 
[0028] The in-house system additionally includes a factory 2515 and an IP bank 2517. The factory comprises 

10 locations where integrated circuits are fabricated (for example, a foundry where wafers are produced), manufacturing 
and assembly facilities for packaged integrated circuits and final circuit assemblies. 

[0029] Linking the elements of the in-house system, through network ports on each of the system elements, is an 
intranet 2519. In actual practice, the in-house system is likely to include many additional elements, such as non- 
engineering computer systems, mass storage devices, servers performing a variety of functions common to networked 
systems, printers, and the like. For clarity of description, however, these additional elements will not be discussed. 
15 [0030] The engineering workstations are, in the described embodiment, SUN SPARC stations, although as those 
skilled in the art would recognize workstations from a variety of manufacturers may be used instead. In an embodiment 
workstations comprise PCs such as desk top, or laptop computers that are typically found in an office or home. The 
workstation includes hardware and software elements generally found in such workstations. In the described 
embodiment, some of the workstations include one of a number of design programs 2521 used in the design of 
integrated circuits. The design programs may be one of many widely available from a number of companies that 
specialize in creating tools for use in designing and testing integrated circuit designs. As will be understood 
after further discussion, the specific design program on a particular workstation is not critical. 

[0031] The workstation also includes web browsers 2523. The web browsers provide a graphical interface for 
communicating via the in-house Intranet with other system elements. More specifically, the web browser is a 
Hypertext Markup Language (HTML) compatible web browser, such as Netscape Navigator or Microsoft Explorer, which 
25 allows for the display of input forms for use by a user of the workstation. The input forms are provided by other 
system elements, specifically the web server 2507. As will be discussed, the input forms primarily relate to the 
capture of methodologies for use in designing integrated circuit blocks and chips, the attachment of methodologies 
to integrated circuit blocks and chips, and the execution of methodologies in the design of the integrated circuit 
blocks and chips. 

[0032] A methodology is a series of steps chained together to make a pre-defined design flow that is used for 
30 designing and implementing a chip or block design. Each methodology covers a significant area of a design process 
for a chip and contains self documented step by step flows that, if desired, invoke tools and perform a main design 
task The methodology is captured by a methodologist using an interface and flow control tool. In an embodiment the 
interface and flow control tool is a WBE environment (administration mode) and represents how a design flow should be 
run. By following the steps a designer is led through the design flow. 

[0033] Examples of main methodologies are provided to clarify the concept. The pre layout methodology is where 
pre layout design considerations are quantized by a methodologist for use by one or more designers. Another 
methodology is floor plan based optimization. In the floor plan based optimization a methodologist enters power 
planning and routing guidelines as a methodology for a designer to follow in designing and laying out blocks on a 
chip. The floor plan based optimization methodology guides the designer in placing and routing power. 
[0034] A designer at the engineering workstation 2513 typically requests a web page containing the methodology 
40 from the web server 2507 using the web browser 2523, generally by sending a Universal Resource Locator (URL) to the 
web server In response, the web server sends the requested methodology web page to the engineering work station. 
Upon receiving the requested methodology web page, the designer at the engineering workstation may execute tools 
associated with job steps of the methodology. 

[0035] The tools associated with job steps in the methodology may be executed in one of two modes, interactive 
mode and batch mode. In the interactive mode, the designer at the workstation may view and interact with each tool 

45 being executed in the compute server 251 1. In a batch mode, a batch job is performed by the compute server 251 1. 
The designer may have an option to execute tools in either the interactive mode or. the batch mode. When the web 
server 2507 receives the request to execute the methodology steps in either mode, the web server executes CGI 
scripts to request the compute server to execute the tools from a methodology directory structure. Version 
controlled data may also be stored; for example, in the archive server 2509. 

50 [0036] The methodology also defines the logistics of taking the design to fabrication at the factory 2515. The 
design data is received at the factory 2515 and used for fabrication of integrated circuit chips along with other 
technical data, e.g., IP blocks, from the IP bank 2517. The design methodology is also used to provide data to the 
archive server version control to ensure that important design data is available at later times. 

[0037] In practice, management of data associated with, a methodology is accomplished using a directory 
structure For example, in one embodiment of the present invention, each methodology attached to a block of an 
55 integrated circuit chip has its own directory structure. In this embodiment, each block has its own directory 
structure to help transfer data from one methodology to the next The library files that support EDA tools have 
their own directory structure as well. In addition, each integrated circuit chip has its own directory structure to 
keep information that is common to all the blocks in the chip. By using these directory structures, same type of 



EP 1 063 599 A2 

design data is always placed in the same dir ctory, and this enhances effici nt data management and revision control. 
[0038] Use of captur d methodologies in an integrated design nvironment and us of the pre-defined directory 
structures also improves data accessibility. Any m mber of any one of the remote design groups may access the design 
data in any of the archive s rvers on the network by sending a request from his web -browser to the web serv r 
connected to the archive server. As design data is located in a defined directory structure, the web server knows 

5 where to find the requested design data. 

[0039] A sub-methodology is effectively the same as a methodology, consisting of a series of steps making a 
predefined flow. However, sub-methodologies cannot be run standalone. They require a calling methodology. Sub- 
methodologies are used wherever "something" is common to several 'main' methodologies. Making the "something" a 
sub methodology results in less duplication and easier maintenance. Examples of such a sub-methodology are Delay 

iq Calculation and Static Timing Analysis. 

[0040] The web server, therefore, provides input forms, over the intranet, to designers at workstations. The 
designers, in response to some of the input forms, provide information for use in executing a methodology. The same 
or other designers, in response to other of the input forms, select methodologies for use, and the order of use when 
appropriate, in designing an integrated circuit block. The same or still other designers, in response to still other 
of the input forms, work on steps of the methodologies, including executing design tools or programs such as the 

15 design program resident on the engineering workstation. 

[0041] Accordingly, the web server communicates HTML forms with the engineering workstation in accordance 
with the Hypertext Transfer Protocol (HTTP), and receives information from the engineering workstations. The web 
server utilizes a Common Gateway Interface (CGI) to receive data from the engineering workstations and to thereafter 
appropriately process the received data. The CGI is a. standard for interfacing external applications with 
information servers, such as web servers. A CGI program, which is also called a CGI script, is generally written in 
programming languages such as C++ or Perl. 

[0042] Some of the data provided by the designers is, in the described embodiment, stored and processed by a 
Unix process on the web server. For other data, such as a request to execute a design program or tool, the web 
server provides appropriate information to the workstations or the compute servers 2511, which include design 
programs for execution, so that the workstation or compute server will execute the design tool, in a proper 
25 configuration and with appropriate data. In addition, the web server transfers important data to an archive server 
to increase system reliability. The archive server is used to store files for back up. These files are generally not 
immediately needed, and in an embodiment the archived files are compressed as previously decided by a 
methodologist 

[0043] Upon completion of the design of the integrated circuit or block, design details are provided by the web 
server to the factory for fabrication of the integrated circuit, or to an IP bank to allow other designers use of 

30 the designed block. In addition, the web server is linked via the Internet to customers 2503, 2505. The customers 
may therefore be at almost any geographic location, allowing designers to be located at great distances. 
[0044] Thus, the system of FIG. 2 provides for orderly design and test of integrated circuits by groups of 
designers, who may be diversely located, but are coordinated using the web server. In order to more fully comprehend 
aspects of the systems and methods of the present invention, portions of the system of FIG. 2 and alternative 

35 embodiments thereof are discussed in greater detail below. 

II. System Description 

[0045] FIG. 3 is a block diagram showing the interconnection of remotely located workstations 201, 203, 205, 209 
and compute servers 207, 211 connected to a primary design server 213 or a mirrored design server 215. The primary 

40 design server and the mirrored design server are also sometimes termed as web servers or methodology servers. The 
workstations, the compute servers and the design servers are used to design and test integrated circuits. The 
primary design server contains information pertaining to methodologies and blocks under design. The compute servers 
contain executable tools used in the creation and test of those designs. It should be noted, however, that in 
alternative embodiments the executable tools reside on the workstations, and in one embodiment the primary design 
server additionally functions as a compute server. In addition, in one embodiment each tool resides on a separate 

45 compute server. The workstations, which through the use of the Internet or intranets may be located at remote 
geographical locations from the primary design server, are used by design engineers to design the blocks. The design 
and test engineers utilize the workstations to access data and information regarding the blocks, to provide data and 
information for execution by the tools, and to otherwise communicate with the primary design server regarding the 
design of the blocks. 

[0046] The primary design server and the mirror design server are interconnected and share data so as to allow 
50 increased throughput and access to design data and processes. In one embodiment the mirror design server is a 
classic mirror server, that is the mirror design server mirrors the information and data of the primary design 
server. In the one embodiment the primary design server and the mirror design server are substantially as easily 
accessible to any workstation, with access to the design servers substantially invisible to users at the 
workstations. In the described embodiment, however, the mirror design server is a geographically remote server from 
55 the primary design server. Mirroring is accomplished by having the primary design server and the mirror design 
server periodically, e.g. at predefined hours, interrogate the other server to determine if data on the other server 
has been updated. In one embodiment this is done for all data resident on the other server. In alternative 
mbodiments, data updates only occur rf data has changed with respect to specific blocks. Thus, if, as in the 
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described embodiment, information pertaining to a specific block is located in specific directories on a design 
server, then only changes in those directories are provided to the interrogating server. This allows a convenient 
mechanism for sharing of data for blocks designed by design teams remote from one another, as well as for 
periodically updating block information designed at remote locations to a location responsible for overall chip design. 
[0047] FIG. 4 is a block diagram of one embodiment of a d sign, i.e. web or methodology, server. In the 

5 described embodiment, the design server is a UNIX machine running an Apach web serv r: The design server 
includes an interface and flow control tool 315. In one embodiment of the invention, the interface and control tool 
is used to define methodologies for designing integrated circuits, attach a set of methodologies to a specific chip 
or block, and provide for the execution of the attached methodologies to achieve implementation of the chip or 
block. In other words, the interface and control tool provides an executable design environment for the design of 

10 integrated circuits. 

[0048] The interface and flow control tool encompasses HTML pages and CGI scripts. The HTML pages include 
input forms for defining methodologies, including steps of methodologies, as well as chip and block home pages and 
executable methodologies. The CGI scripts receive and act on data input to the input forms to create files defining 
methodologies, chips and blocks, and executable methodologies attached to chips and blocks. The CGI scripts also 
cause execution of electronic design automation (EDA) tools residing on the compute servers (illustrated in FIG. 2). 

15 [004S] Accordingly, the design server contains files 303. The files are created by the CGI scripts in response 
to input to the input forms applying new methodologies, and responsive to input to input forms attaching 
methodologies to chips or blocks. In addition, in one embodiment the files include files and libraries comprising 
design data formed as the result of the execution of the EDA tools. Storing the files and libraries in one location 
allows for a systematic approach to access and maintainability of design related information. In addition, in one 
embodiment the files are stored in varying directories. Storing the files and libraries in varying directories 

20 allows, for example, for specific chips or blocks to utilize subsets of commonly used files by first looking in 
specific directories for files prior to looking in a common directory. 

[0050] FIG. 5 illustrates communication between a workstation 1401, a web server 1403, and a compute server 
1405. In FIG. 5, the workstation 1401 is identified as computer no. 1, and includes a web browser 1401. The web 
browser includes a location identifier area 1409 and a display area 1411. An exemplary location identifier area is a 
2 S web server with resident HTML code. In an alternative embodiment the location area identifier is a web server with 
resident XML code. The workstation transmits information in HTTP format to the computer identified in the location 
area. In FIG. 5, the location area of the workstation contains the URL of the web server, which is identified as 
computer no. 1. 

[0051] More specifically, the contents of location area of the workstation points to an HTML file located on the 
web server. In response to the request from the workstation, the web server provides the HTML file to the 
30 workstation, which thereafter displays a web page based on the HTML in the display area. In the example of FIG. 5, 
the display page includes an input form. The input form includes an input section which provides an option for the 
execution of a design tool. Selection of the option results in transmission of a message from the workstation to the 
web server requesting execution of a CGI script or program. 

[0052] The CGI script executing on the web server forms a request for execution of a design tool on a compute 
server, identified as computer no. 3 in FIG. 5. Preferably, the design tools execute in that batch environment, 
35 thereby allowing the CGI program to complete and return status to the workstation. The web server receives the 
result of the design tool and transmits the results to the workstation through the HTML interface. Thus, the 
designer at the workstation is able to perform his design task using the web browser and does not have to leave the 
web browser to utilize a design tool. 

[0053] The status of methodology supplied to the workstation is typically provided in a form of status reports. 

40 The status reports are generated based on information stored with respect to the methodologies. While executing the 
design methodologies, the designers and versions of the design data are automatically documented as part of the 
methodology execution. For example, based on files stored in the methodology directors status of a methodology is 
known. This capability allows concurrent engineering by multiple individuals or groups since the individuals and the 
groups are able to ascertain status of a design. In addition, the designers may view the schedule of other designers, 
and schedule their work so that their joint efforts will result in truly concurrent engineering even though they may 

45 be located far away from each other. 

[0054] In an alternative embodiment, the design toot is executed in real time, with the execution of the design 
tool being displayed to a designer at the workstation using an X window. FIG. 6 illustrates four communication 
methods used by alternative embodiments of the present invention. Each of the four embodiments include an 
electronic design automation (EDA) tool 2301 in communication with an application 2309. The application may be, for 
example, another EDA tool. The EDA tool may, for example, be a Verilog reader which reads a Verilog file and 

50 provides the information contained in the Verilog file to an application. The application may, for example, utilize 
the information from the Verilog file to compile the design into representative hardware elements. 
[0055] In a first embodiment 2300, the EDA tool provides an output file 2303. The output file is in a format 
defined by the EDA tool. The application, however, is likely to require an input file of a different format 
Accordingly, a format converter 2305 is used to convert the output file to a format acceptable to the application. 

55 In a second embodiment 2302, the EDA tool once again creates an output file. The output file, however, is provided 
to a parser. The parser extracts data from the output file and provides the data to a data model 2317. The data 
model places the data in a data structure. A CSI (common software interface) server is used to access the data 
structure to provide the correct behavior indicated by the CSI specification. 
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[0056] The application obtains data through a r quest to the CSI serv r. More specifically, the CSI server 
supports defin d interfaces. The CSI server and the interfaces are identified by unique identifiers. A client 
wishing to use an interface implement d by the CSI server issues a request for the server and the interface. If the 
CSI server supports the defined interfaces, then the CSI server provides a common virtual function table to the 
application. The virtual function table points to virtual functions, and the virtual functions may be called by 
indexing into the virtual function table. The application thereafter uses the virtual function table to obtain data 
from the CSI server using the interfaces supported by the virtual function table. In addition; the first entry of 
the virtual function table is for a function allowing the client to request additional interfaces from the CSI server. 
[0057] In aspects of. the present invention, data provided to or received from EDA tools and the like pertain to 
integrated circuit designs. Thus, interfaces for requesting data pertaining to integrated circuit designs are 
supported by the CSI server. In one embodiment of the present invention, the data includes net data, module data, 
and pin data. Net data is data pertaining to the interconnection of gates, cells, modules, blocks or. other 
identifiable sets of gates. Thus, examples of net data include a bit or a bus, or any interconnection between 
functional units. Modules have nets and pins and instances. Pins are simply points to which nets, or wires, are 
attached. 

[0058] Accordingly, the CSI server supports net interfaces, module interfaces, and pin interfaces. In addition, 
the CSI server supports additional interfaces pertaining to generally communication with the CSI server. 
[0059] The net, module, and pin interfaces contain functions which allow access to enumerators of their sub- 
objects; i.e. interfaces with a consistent set of methods that allow a client to access sequentially members of a 
list. The enumerator types include interfaces for obtaining a list of names, a list of modules, a list of nets, a 
list of component instances, a list of pins, and a list of properties. The methods return, for example, a module to 
which a net belongs, a list of pins to which a net is attached, the type code of a pin, and other similar information. 
[0060] FIG. 6 illustrates a third embodiment 2304. In the third embodiment an API 2317 specific to the EDA tool 
is used to extract data from the EDA tool database 2319. The API for the EDA tool is, however, proprietary to the 
EDA tool, and does not necessarily provide data in a format suitable for the application. Accordingly, the third 
alternative embodiment includes a data model object to obtain appropriate data from the API, and to create data 
structures appropriate for use by the CSI server. 

[0061] FIG. 6 also illustrates a fourth embodiment 2306. In the fourth embodiment, both the EDA tool supports 
the common software interface. Accordingly, the CSI server acts as a reader to obtain data from the EDA tool, and 
acts as a writer to provide data to the application. 

[0062] FIG. 7 illustrates an example of a tool communicating with a plurality of other tools using a common 
software interface server. As illustrated in FIG. 7, a tool A 2203 provides output which is utilized by a tool B 
2205, a tool C 2207, and a tool D 2209. The output of tool A is provided to a common software interface client 2201, 
which includes both client and server. The common software interface server interfaces with each of the tools B, C, 
and D. 

[0063] FIG. 29 illustrates a network design system in accordance with aspects of the present invention. The 
network design system includes a first network 2405, and a first remote network 2401 and a second remote network 
2403. The remote networks each include a plurality of workstations 2413, 2415, 2417 interlinked by an intranet Each 
of the workstations include a web browser, such as are available from Netscape or Microsoft The remote networks are 
connected to the Internet through fire walls. 

[0064] The network system is also connected to the Internet by way of a fire wall. The design network includes a 
design server 2419. Connected to the design server by way of an intranet are a plurality of workstations 2413, 2415, 
2417 such as those in the remote networks. Also connected to the design server by way of an intranet is an archive 
server 2421 and a compute server 2423. The archive server stores design data pertinent to the design of integrated 
circuits coordinated by the design server. The compute server includes both library and design data used by EDA 
tools. As illustrated only a single compute server is provided. In practice, a plurality of compute servers are 
provided, with each compute server executing a single EDA tool. 

[0065] Further connected to the intranet is an IP bank 2429 which stores block information so as to allow for 
reuse of IP blocks. Libraries and tools are also stored on a library/tool server 2427. The library/tool server 2427 
typically provides tools and/or libraries as requested by the web server when the particular tool or library is 
called for use in the design methodology being executed. Tools typically are individual executable programs that 
allow the design methodology to perform pre-defined functions. The pre-defined functions performed by the tools 
preferably include data format conversion, design viewing, design analysis and gate simulation. A factory 2425 is 
also connected to the intranet, with the factory being responsible for the generation of the physical integrated circuits. 
[0066] As illustrated, the design server includes design step 1 through design step n. This illustrates that the 
design server contains information for the steps of designing the integrated circuit 

III. Process Description 

A. Top Level Flow 

[0067] FIG. 8 illustrates a flow diagram of a process of an embodiment of the invention. The flow diagram of 
FIG. 8 may be viewed as having three primary components. In a first component methodologies are captured 501 so 
that the methodologies are quantized and recorded as an executable set of steps. A second component comprises the 
attachment of various methodologies to a specific block or chip 503. A third component consists of the execution of 
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the attached methodologies to implement the design and test of the block or chip 505. 

[0068] In step 501 of the process methodologies are captured. Capturing m thodologies is accomplished by 
presenting input pages to experienced methodologists, preferably those with exp rtise in the field. Input pages 
generally are Hyper Text Markup Language (HTML) based forms that are viewabl using a~standard web browser. The 
capture of methodologies can be implemented at any time. In an mbodiment th captur of the methodologies is 

5 accomplished in a unique and orderly way. 

[0069] The methodologists, using the . input pages, define a methodology. The definition of the methodology 
includes the tool, or tools, used in the methodology, the files required for use of the tool, and executable steps 
for preparing an environment for the tool and the execution of the tool. In addition, the definition of the 
methodology includes steps which reflect the output of tools, such as data files, or files required for tool 

jo execution. The definition of the methodology further includes help files to assist in executing the methodology, and 
descriptions of the expected results of executing the methodology. In one embodiment the help files are executable 
PERL scripts. PERL is a programming language that is used to generate executable scripts. 

[0070] In one embodiment a methodology comprises a directed acyclic graph defining the order in which steps of 
the methodology are executed. A step is one of a file, a job, information, a sub-methodology, a logical OR, or a 
logical XOR. A file step requires generation of a file, or files, at a specified location. A job step indicates 
15 execution of a tool, and may include an executable configuration script, which is created at the time of execution. 
The executable configuration script may be a shell script. A shell script includes commands that are 
interpreted/executed by a shell, which is a command line interpretor. Thus, the shell takes commands programmed in 
shell scripts and executes them. 

[0071] A sub-methodology step indicates the step is a separate methodology. An information step provides 
information to a designer. A logical OR step and a logical XOR step are branch steps that provide branching 

20 capability within a methodology. 

[0072] In step 503 of the process, methodologies are assigned, or attached, to a block. In one embodiment the 
methodologies define a process flow from the initial generation of HDL to tape out of the fabrication guidelines, or 
even fabrication of the chip itself. The methodologies are defined so as to include executables. Thus, the 
attachment of methodologies to the block define an executable process flow for the design and test of the block. 

25 [0073] In step 509 the process determines if attachment of methodologies to the block is complete. Once complete, 
the process continues to step 505 in which methodologies are executed. In one embodiment of the invention, a 
complete set of methodologies need not be attached to the block prior to execution of methodologies. Instead, 
further methodologies may be added while existing attached methodologies are added. For example, a front-end 
methodology may be executed prior to capturing or attaching a layout methodology. Thus methodologies may be 
assigned at any time during the design process to allow individual blocks to be redefined as required. 

30 [0074] In step 505 of the process the methodologies are executed so as to design the block. A given set of 
designers require access to the design at differing times of the design cycle, some of which are overlapping. A 
given designer, in addition to requiring access only at certain time, also only requires access to the tools and 
methodologies that are deemed necessary to carry out the task. Each person in the preselected design team, using the 
selected tools at the scheduled time, executes the methodologies by performing their portion of the work on the 
circuit Executing the methodologies in this manner assures that design teams that are located in isolation from 
each other perform their tasks at the appropriate stages without having to be in close contact with all the 
designers in their various locations. In addition, as the methodologies are designed to include executable setup 
files and to include help files, the presence and assistance of highly skilled expert methodologists is not 
necessarily required to further facilitate design and test of the block 

[0075] In step 507 of the process metrics and reports concerning the execution of the methodologies are 
40 generated. The metrics and reports pertain to the status of the design and test of the block, the results of 
execution of various steps which make up a methodology, problem reports, tool usage reports, and reports pertaining 
to any aspect of the execution of the methodologies. In particular metrics refer to any measurement tool that 
provides quantifiable indication of a process's quality, progress or completion. Accordingly, during execution of 
the methodologies the process tracks and records all actions and results of actions. 

[0076] Once the metrics and reports are generated, the process determines in step 511 if more methodologies 
45 remain to be executed. If more methodologies remain, the process of executing methodologies and generating metrics 
is continues. If no more methodoloc^e^emap4oH^^ecutedJhej>roces^ completes. 

[0077] FIG. 9 is a flow diagram oflf process incorporating aspects of the process of FIG. 8 for designing an 
integrated circuit The process of FIG. 9 is meant to illustrate a specific example of a design process in 
accordance with FIG. 8. As should be clear from the process of FIG. 8, the actual steps performed, and the order of 
50 their performance, are determined when methodologies are attached to a specific block. 

[0078] In the process of FIG. 9, first a product specification 403 is created. In this stage of the design a 
design team decides what the chip does in terms of its desired behavior and partitions the chip into a series of 
function blocks required. 

[0079] At step 403 the design team also evaluates what IP functions exist, and what IP functions will be 
required to be designed. The product specification may be, for example, in the form of HDL, VHDL, Verilog, or in 
55 other forms. 

[0080] In step 401 of the process methodologies are selected for use in the design of the circuit or block. In 
selecting methodologies, the designer determines which tools and processes are to be used in designing and testing 
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the block or circuit. The tools and processes selected drive the steps of the design process. 

[0081] After the specification phase, a series of steps 405,407, 409, 411, 413, 415 are carried out that result 
in a physical design of the circuit. Each step in the design process may require one or more iterations until that 
stage of the design has been satisfactorily completed. Also, after two or more steps-are completed, it may be 
realized that the cumulative solution obtained at the stage is inadequate and must be reiterated. Tracking of the 
design process is therefore sometimes difficult The problems of tracking progress of the design process is compounded 
when design teams implementing each task are located in remote locations, making communications difficult 
[0082] Step 405 of the process is the generation of a register transfer level (RTL) model. Generation of the RTL 
model is required if no preexisting block exists, such as when a block must be designed from scratch. The RTL model 
represents the block behavior of the design. The RTL model is a synthesizable behavioral model that is translated 
into a structural model providing a logic level description of the system. The generation of the RTL model is 
accomplished using methodologies previously selected. 

[0083] Step 407 of the process is the synthesis of the circuitry necessary to implement the logic functions of 
the RTL model. The designer synthesizes the circuit using a methodology including a synthesis tool. The methodology 
corresponds to one or some of the methodologies previously selected. An analysis program optionally may be executed 
as part of this step, with the analysis program used to verify that the output of the synthesis step behaves in 
accordance with the product specification. The use of the analysis program is generally specified as a separate 
methodology, although it may be a sub-methodology or step of the synthesis methodology. 

[0084] Step 409 of the process is simulation of the overall design. All of the components of the design are 
assembled and a simulation is run. The simulation tool, test vector generation, and other matters are determined by 
the selected methodologies. The design is adjusted until satisfactory simulation results are obtained. At this point 
in the design cycle, a satisfactory design consists of a schematic that contains components such as transistors that 
may be built on the integrated circuit, and that when simulated using appropriate models give appropriate results. 
These models generally do not take into consideration the physical layout of these components on the integrated 
circuit substrate. 

[0085] Step 41 1 of the process is placing the components of the design on the substrate and routing of signal to 
and from the components. Place and route is generally accomplished using one or more place and route tools. The 
place and route tools used are specified by the selected methodologies. The output of the place and route is a 
representation physical layout of the integrated circuit as it is built 
[0086] Step 41 3 of the process is RC extract and Back Annotation. 

[0087] Step 415 of the process is verification of the design. Verification consists of ensuring that the result 
of design conforms with the product specification. Verification is accomplished using one or more tools employing 
one or more techniques. The tools employed, and the techniques used, are specified by the selected methodologies. 
The verification step includes timing verification, mask verification, and often formal verification. Extraction of 
data to put back into a subsequent simulation is performed in this step. 

[0088] Step 409 is a simulation performed using data extracted from the previous step to perform a final check 
to ensure that the final design conforms with the product specification. 

[0089] After verification of the circuit, step 417 of the process is tape out At tape out the design is 
finalized for a prototype to be produced. To produce the prototype integrated circuit, information is generated to 
produce the semiconductor mask. The masks are sent out and an integrated circuit foundry fabricates the circuit 
[0090] Thus, in the process of FIG. 9, the design process flow begins with the selection of methodologies, and 
proceeds, using the selected methodologies, until fabrication of the integrated circuit is complete. Of course, 
those skilled in the art will recognize that, after selection of the methodologies and the specification of desired 
circuit behavior, many different design flows may be used. For example, simulation and verification may, and often 
do, occur at each stage of the design process. Similarly, modification of the circuit design- to allow for testing 
using scan chains, BISTs, and the like is also often generally accomplished. 

B. Methodology Capture 

[0091] Design methodologies, i.e., methodologies, for web based integrated circuit design and fabrication are 
captured using HTML (Hyper Text Markup Language) based forms that are viewable over the world wide web using 
HTTP protocol. HTML based forms, i.e., input pages, are provided to methodologists to be used during capture of 
methodologies. The methodologists complete the HTML based forms and submit them to the web, i.e. design or 
methodology, server to capture design methodologies. 

[0092] When the methodologist inputted data is submitted to the web server, a number of files, which comprise 
the captured methodology, are generated. Each design methodology defines an executable set of steps, and the 
generated files define the steps. Each design methodology will eventually be associated with various specific blocks 
and/or chips by listing it in block and/or chip home pages as one of the design methodologies to use. The home pages 
also serve to order the execution of the design methodologies that are listed in them, respectively. Each design 
methodology may be associated with more than one block and/or chip. 

[0093] The files associated with design methodologies include info files and index files that are used to 
maintain design methodology data. In other words, the info files and the index files contain information regarding 
steps of the associated design methodology such as name, description, type and order of execution. The files that 
comprise each design methodology also include a set of files associated with each step in the design methodology. 
The files that are associated with design methodology steps also include info files and index files associated with 
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them. 

[0094] In an alternative embodiment th design methodology data is stor d in a database. The database may be 
in one of many various implem ntations. In one embodiment, the design methodology data is stored in an Oracle 
database. 

[0095] The files associated with design methodologies pref rably include an executafle documentation file. The 
executable documentation file, created by the methodologist of the associated design methodology, contains 
information regarding the purpose of the design methodology, information pertaining to a specific step, and/or other 
information the methodologist believes relevant. The design methodology also preferably includes one or more 
executable documentation files that are associated with a corresponding step of the design methodology. The 
executable documentation files associated with the design methodology and the steps are further processed by an 
integrated circuit design and fabrication system to customize associated methodology step pages when they are 
applied to a block. 

[0096] The executable documentation file preferably contains codes in a programing language such as Perl. When 
a design methodology step page is displayed for a particular block, a programmable part of the documentation 
displays specific information pertaining to the particular block. This technique allows the design methodology step 
page to correctly provide specific details which may be important for certain implementations. For example, the name 
of the block may be displayed directly in the documentation. The executable documentation files and other files 
generated during design methodology capture are executed to implement the design and test of the associated blocks 
or chips. 

[0097] FIG. 10 illustrates a flow diagram of a process for capturing design methodologies. In step 1101 the 
process provides an input page in HTML format. The input page at step 1101 allows a methodologist, typically an 
experienced integrated circuit designer, to enter details of a design methodology. The input page, after relevant 
data is filled in, is subsequently submitted to a web server for generation of files that comprise the design 
methodology. 

[0098] In step 1103 the methodologist prepares an executable documentation file, i.e., an HTML file fragment 
pertaining to the design methodology. The documentation entered in step 1103 is meant to pertain to the design 
methodology as a whole. The methodologist may also provide an executable documentation file associated with each of 
the steps in the design methodology. In one embodiment, comments entered in the executable documentation file are a 
series of text entries. In another embodiment, comments are executable PERL scripts which provide instructions and 
other items of information to designers. 

[0099] In addition, a step may be assigned dependencies in terms of required files or required succeeding steps. 
In one embodiment, the interface and flow control tool uses the dependencies to display statuses of preceding and 
succeeding steps during the integrated circuit design process. An advisory may also be provided to indicate that 
required preceding steps have not been completed. Further, step of the design methodologies may be results of 
executing one or more prior steps. For example, a file comprising a netJist may be a step, where the netiist file 
was generated using a tool in a preceding step. 

[0100] In step 1105 a step in the process of capturing the design methodology is selected. The process receives 
input from the methodologist who selects a type of step or operation to be executed in the design methodology being 
captured. In one embodiment, seven step types, i.e., operation types, are available for defining executable design 
methodologies: file, job, information, sub-methodology, logical OR, logical XOR, and flow. 

[0101] In file step 1107 the process receives as input from the methodologist a file name and a location of the 
file. For a job step 1109 the process receives as input from the methodologist a tool name to be used during job 
execution. 

[0102] Referring now to FIG. 11, a screen comprising names of available tools is shown. The designer is allowed 
to select an available tool. A pointer providing a path to the tool for execution of the tool is incorporated into a 
design methodology along with the selection of the tool. The pointer may point to a location on a design server, 
e.g., the primary design server. Alternatively, in the embodiment described, a pointer points to a tool executing on 
a compute server. 

[0103] Returning now to FIG. 10, the process also receives in step 1109 information pertaining to the 
environment produced by the tool. The tool environment is executable which, for use, configures a computer system 
and a tool. 

[0104] For an information step the process receives in step 1111 as input from the methodologist information 
which may be pertinent to the design process. For a sub-methodology step the process receives in step 1 1 13 the name 
of a sub-methodology. Sub-methodologies are design methodologies called from other design methodologies, and are 
utilized to form a more complex overall design methodology. 

10105] In steps 1115 and 1 117 the process receives branching options from the methodologist for OR and XOR 
branching respectively. A logical OR and a logical XOR step provide for parallel and branching paths, respectively, 
in a design methodology. For example, a design methodology may allow for any single one of several versions of a 
tool to be used in a job step. Preceding the job step, therefore, is an XOR step providing for selection of the 
version of the tool. 

[0106] In step 1119, the process receives from the methodologist a list of steps to be executed within a flow 
step. The flow step is similar to a sub-methodology except that the flow step may exist only within a design 
methodology or a sub-methodology. In other words, the flow step may not stand alone. Thus, a flow step typically 
contains multiple steps and is used to organize the design methodology as to reduce the number of steps called 
directly by the design methodology. 
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[0107] After each of the steps 1107, 1109, 1111, 1113, 1115, 1117 and 1119 is selected, the methodologist 
selects a succeeding step to be executed subsequent to the selected step. By selecting the succeeding step, the 
methodologist is able to define an order in which the selected steps are executed. The order of step execution is 
incorporated into a directed graph, i.e., directed acyclic graph (DAG), which is one of -the files created when the 
methodologist submits information in the input page. Thus, the directed graph contains information on the order in 
which the selected steps are executed. Not all steps may be executed s quentially. In other word9, some of the steps 
may be executed in parallel. 

[0108] In step 1121 the process determines if the methodologist desires to enter more steps. If the 
methodologist desires to enter more steps, the process returns to step 1105, and otherwise the process terminates. 
In step 1105, the methodologist selects the next step and the process of step selection and incorporation of the 
selected steps into the directed graph repeats. 

[0109] FIG. 12 is a list of design methodologies that may be attached to a block home page or a chip home page. 
As indicated by option to edit each design methodology in FIG. 12, design methodologies may be edited after their 
initial creation. This editing may be done to add additional materials, including steps or sub-methodologies or to 
modify the design methodology. In addition, sub-methodologies may be separately selected and modified as well. 
[0110] Methodology capture allows for design methodologies to be defined having parallel paths. For example, a 
design methodology may be defined such that several versions of a tool may be used during the design process. Thus, 
designers of the design methodology, during the design process, may select any of the parallel tools to accomplish 
the design. 

[0111] During the design process, it is also possible that use of a tool that replaces the tool specified in the 
methodology is required. For example, a new version of a tool may be required for use in a design. A selective tool 
override function allows a designer to specify the new version, overriding the choice defined in the design 
methodology by the methodologist By providing the selective tool override function, both the old and new versions 
of the tool may be used with the same methodology. 

[0112] During the methodology capture process, an executable chain job is also defined. A chain job comprises a 
series of job steps that the methodologist captures for execution in a specific order. Only batch job steps and not 
interactive job steps are generally in a chain job. 

[0113] Although HTML based forms are typically used to capture design methodologies, it is often more desirable 
to use XML (Extensible Markup Language) script to define design methodologies because of advantages that XML has 
over HTML. In XML, information is divided into useful components called elements, e.g., titles, paragraphs and part 
numbers. The elements may be formatted, sorted, or searched in a consistent fashion. The elements are typically 
named and defined in a computer program called a Document Type Definition (DTD). 

[0114] Using XML, a methodologist is able to create a single file to describe each design methodology. The 
single file that describes the design methodology may be used to create other files needed to execute the design 
methodology. For example, new features can be added to XML over time since XML is an extensible language. In 
addition, parsers are easy to develop using XML. For example, the parsers may be partially generated automatically 
from the DTD. Further, XML sources may be scanned by various different programs for different purposes. For 
example, a source code based on XML may be scanned by a search engine. 

[0115] Another benefit of using XML is that XML is capable of providing multiple language support. For another 
example, an XML file is easy to create provided that a good DTD has been created. In addition, an XML-based DTD file 
may be used to specify the internal nature of the XML files used to define design methodologies. Further, XML hyper- 
linking is more powerful than HTML hyper-linking, and XML hyper-linking may be used to refer to parts of other XML 
files. 

[0116] Widely used web browsers may not have a capability to display pages having embedded XML Therefore, in 
an alternate embodiment rather than using an input page to capture design methodology, a methodologist creates an 
XML script defining a design methodology in a single fiie. In this embodiment, the XML files are used by Common 
Gateway Interfaces (CGI's) to drive the integrated circuit design and fabrication system rather than directly viewed 
using a browser, 

[0117] FIG. 13 is a process of using XML as a design methodology capture script According to the process in 
step 521, a methodologist captures a design methodology in a single file in the form of an XML script Next, a 
converter with XML parsing capability is used in step 523 to convert the captured design methodology into multiple 
files including info and index files as well as a directed acyclic graph (DAG) file. 

[0118] As shown in step 525, the methodologist may update the design methodology by modifying the XML file. 
Thus modified, the XML file may be converted again into multiple files. Use of a single XML file is preferable to 
using multiple files generated by HTML forms since the single XML is easier to archive and maintain than the 
multiple files. 

[0119] The process in step 527 may_ convert the modified design methodology in XML format to the design 
methodology format where the design methodology comprises multiple files. In an embodiment of the present invention, 
a converter converts the captured design methodology format having multiple files to a single file having an XML 
script A specification of a Methodology Document Type Definition (DTD) is used during development of these 
converters. 

[0120] Many of the files used during file steps and job steps while executing design methodologies are extremely 
large. Generally, these files are stored in the integrated circuit design and fabrication system for days or weeks 
during the chip design and fabrication process. 
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[0121] System resources may be conserved by compressing some of the files and decompressing the files when 
needed. In an embodiment of the present invention, the methodologist of the design methodology is able to select 
file steps that are candidates, i.e., compressible file steps, for applying automatic compression and decompression 
during methodology capture. The methodologist may specify one or more of the file steps as compressible in the 
design methodology. 

5 [0122] Since it may take an extensive amount of time to compress or decompress a file, a compute server rather 
than a web server is generally used for compression and decompression. Thus, the web server is not burdened with 
these tasks and web pages are kept from timing out 

[0123] Thus, a methodologist is given control over selecting which steps are compressible. In one embodiment, 
once the methodologist selects the compressible file steps, the information contained in a directed acyclic graph 

10 (DAG) is used to automate the tedious chore of determining when files are to be compressed. Although the file 
compression and decompression are automated, the integrated circuit design and fabrication system is preferably also 
capable of handling a situation where a designer manually compresses or decompresses a file from a command line. 
[0124] In the embodiment described above, therefore, none of the files associated with a particular file step 
may be compressed unless the particular file step is marked as compressible. Even if a file step is marked as 
compressible, some of the files associated with that file step may not be compressed. For example, there are some 

15 files that are generally excluded from compression. The files that are generally excluded from compression include: 
a) files that are already compressed; b) technology library files that should be left in their uncompressed form for 
speed; and c) files that are too small to benefit from compression. 

[0125] FIG. 14 is a process of selecting file steps that are to be associated with automatic compression and 
decompression. In step 1125, a methodologist determines which file steps are candidates for automatic compression 
20 and decompression while capturing the design methodology. Check boxes are provided on a step parameters edit page 
that is accessed by the methodologist so that the methodologist may mark the selected file steps. In step 1127, the 
methodologist chooses to check one or more check boxes to specify that the files associated with the checked file 
steps are candidates for automatic compression and decompression. The checked file steps are called compressible 
file steps. 

[0126] A methodologist may mark some of the file steps as both editable and compressible. Thus, a compressed 
25 file may need to be edited. To edit a file, an uncompressed native version of the file is generally required. 
Therefore, a compressed file is preferably decompressed first before being edited. 

[0127] FIG. 15 is a process of editing a file which may have been compressed. The process in step 1131 
determines whether the file has been compressed. If the file has been compressed, the process in step 1133 
decompresses the file before editing it The process in step 1135 edits an uncompressed file or a file that has been 
decompressed in step 1133. Once the editing is completed, the process in step 1137 determines whether the file is to 
30 be compressed. If the file is not to be compressed, the process returns. Otherwise, the process in step 1139 
compresses the file, and then the process returns. 

[0128] FIG. 16 is a process of executing a job step where one or more input and output files may be compressed 
and/or decompressed. The process in step 1141 determines whether an input file has been compressed. If the input 
file has been compressed, the process in step 1143 decompresses the input file. The process in step 1145 executes 
35 the job using either the uncompressed input file or the decompressed input file. The step 1 145 of the process may 
require multiple input files, some of which may have been decompressed. 

[0129] The process in step 1147 determines whether any of the input files is to be compressed. If one or more 
input files are to be compressed, the process in step 1149 compresses these input files. The process in step 1151 
determines whether any of the output files is to be compressed. If one or more output files are to be compressed, 
the process in step 1153 compresses these output files. The process returns after compressing the output files to be 
40 compressed, if any. 

[0130] Sometimes multiple job steps are executed in an appropriate order. These multiple job steps comprise a 
chain job. Since decompressing and recompressing the same file several times during the execution of a chain job 
should be avoided, it is more difficult to implement automatic decompression and compression when a chain job is to 
be executed. 

45 [0131] FIG. .17 is a process of executing a chain job with automatic compression and decompression. The process 
in step 1 161 determines whether any input file for a next level of the chain job has been compressed, starting with 
the first level. If one or more input file for the next level of the chain job has been compressed, the process in 
step 1163 decompresses the or each input file. The process in step 1165 executes the next level of the chain job, 
starting with the first level. 

[0132] After the next level of the chain job has been executed, the process in step 1167 compresses all input 
50 files any of the decompressed input files that are not to be used in other levels of the chain job. In addition, the 
process in step 1167 compresses all output files that are to be compressed and not to be used in other levels of the 
chain job. The process in step 1169 determines whether the last level of the chain job has been executed. If there 
are more levels of the chain job to be executed, the process proceeds to step 1 161 and repeats steps 1163, 1 165 and 
1 167 as needed for the next level of the chain job. 

[0133] If the process in step 1169 determines that the last level of the chain job has been executed, the 
55 process in step 1171 compresses all remaining input files to be compressed and all remaining output files to be 
compressed. 



C. Chip/Block Definition 
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[0134] For every chip, there is an associated web page that resides in the design server. The web page is 
typically known as a chip home page. The chip home page contains information regarding the associated chip. The chip 
home page also allows access to configuration changes for the associated chip. Similarly, each block of a particular 
chip is associated with a web page called a block home page. The block home pag contains information regarding the 
associated block, and allows access to configuration changes for the associated block. 

[0135] FIG. 18 is a flow diagram illustrating an embodim nt of a process 600 for defining a block and a chip. 
During definition, the chip and block home pages provide a gateway for assigning the block its place in the 
hierarchy of the chip architecture, attaching methodologies to the corresponding chip and the block, and generally 
accessing information relating to the corresponding chip and the block. 

[0136] An example of a chip home page is illustrated in FIG. 19, and an example of a block home page is 
illustrated in FIG. 20. In an embodiment of the invention, a chip home page of a particular chip is linked to a 
collection of blocks comprising the particular chip. The designer selects which methodologies to use for a chip and 
a block from the corresponding chip home page and the block home page, respectively. In an embodiment a block may 
not be designed independently of a chip, due to the need for a series of signals and power connections of the IC 
that define a container for a block. 

[0137] Step 601 of the process 600 of FIG. 18 is the initialization of a chip definition. Information regarding 
the chip is viewed through the chip home page, which is used during chip definition. For example, as illustrated in 
FIG. 19, a chip home page includes the name of the chip, links to pages concerning the chip, methodologies, library 
search override definition of power groups, general information, tools and tool override. These parameters are 
assigned by a designer during chip definition. A chip home page also contains a list of the blocks in the chip, as 
well as the methodologies currently in use for the blocks. In addition, the chip home page includes other useful 
information, such as information required for a process. 

[0138] In step 603 of the process 600, a process to be used for fabricating the chip and a version for the 
process is selected. Then the process is suitably configured for the chip. A single process generally applies to all 
blocks of a chip. Certain of the methodologies may only be available for certain specified processes, and versions 
of processes. For example, a methodology associated with a .35 micron technology process may be unsuitable for a 
process associated with a .25 micron technology process. Generally, the process is selected on a chip level basis. 
FIG. 21 illustrates a sample page showing available processes and their versions. 

[0139] In step 605 of the process 600, methodologies are attached to the chip. The chip home page lists attached 
methodologies to the chip. Initially, the list of methodologies is empty. A designer uses the chip home page to 
attach the selected methodologies to the chip. 

[0140] Each methodology generally has a corresponding tool selection menu. In one embodiment the chip home 
page allows for tool selection, and the selected tools become the default tools for all blocks referenced by the 
chip. In step 607 of the process 600, the designer of the chip selects tools from the tool selection menu after 
attaching the corresponding methodology to the chip. 

[0141] The Common Gateway Interface (CGI) receives chip and block home page data from the engineering 
workstations to generate a block directory that appropriately processes the received data in the directory to 
activate to implement selected available tools. In the block directory the technology product is assigned a block 
for each configuration created. Additionally, the chip and block home page data may be saved into a database as well. 
[0142] In step 609 of the process, a block definition is initialized. A block home page used during block 
definition includes the name of the block, a process used by the block, search path override, reference blocks (or 
child blocks), power groups, methodologies used on the block, a list of and an access to perform a tool override 
selection. The block home page also includes links regarding the chip, the block, general items, and tools. 
Selection of a tool on a block home page overrides any tool selection accomplished on the chip home page for that 
block. 

[0143] In step 611 of process 600, a technology product is selected for a particular block. The technology 
product may be a Field Programmable Gate Array (FPGA), standard cell or gate array or any other product suitable for 
the particular block. Once selected, the technology product may be configured. For example, configuring the 
technology product may comprise defining the number of metal layers. 

D. Methodology Execution 

[0144] FIG. 22 is a block diagram illustrating a process 1500 of designing a block by executing methodologies, 
i.e., design methodologies, using the interface and flow control tool. Once chip and block have been initialized and 
configured on the methodology server, they are accessible from any workstation that has a browser. Thus, in step 
1501 the block or chip home page is accessed to begin the design process. 

[0145] Once the chip or block home page has been accessed, the designer determines the status of the design, 
and whether the task desired to be accomplished by the designer is ready to commence. When the designer selects a 
methodology from either a block home page or a chip home page, the web server runs a Common Gateway Interface 
(CGI) program associated with the selected methodology. The CGI program first displays an executable documentation 
file, i.e., HTML file fragment associated with the methodology. If the executable documentation file includes proper 
PERL programming, the CGI program may display programmed information on a methodology page. The designer may 
check the status of the work to determine what steps are currently being performed by others and what remains to be 
done. 
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[0146] In step 1503 of the process 1500, the designer selects a step from a list of steps available from the 
methodology page. The designer may select any step displayed on the methodology page. Each step is generally 
illustrated on the methodology page as a step name surrounded by a rectangular box. 

[0147] FIG. 23 is a methodology page that illustrates a sample design flow for a methodology having multiple 
steps 1600. The illustrated design flow represents contents of the associated directed acyclic graph (DAG) that 
contains information on the names of the steps to be executed as well as the order of execution. The design flow 
includes multiple steps. Some of the steps are executable tools 1601, 1603, 1605, and some of the steps are output 
files 1607, 1609, 1611 which result from execution of the tools. 

[0148] Arrows 1611, 1613 show dependencies between steps of the flow. Not all steps are executed sequentially. 
In other words, some of the steps may be executed in parallel. In the embodiment shown in FIG. 23, the colour of 
each box surrounding a step indicates the status of the step. For example, in the embodiment described, completed 
steps are of a first color 1615 and uncompleted steps are of a second color 1617. In other embodiments, a set of 
icons are provided for indicating step status. In addition, job steps are indicated with bold lines 1601, 1603, 
while other steps, such as the presence of output files, are not so indicated. In other embodiments, different step 
types are indicated by different graphic types. 

[0149] By selecting one of the boxes, the user accesses the associated step for that block for that chip. In one 
embodiment, the associated step may define a chain job. In a chain job, due to dependencies in methodologies, the 
interface and flow control tool, on command, automatically queues and provide queue control for a number of job 
steps, ordering the job steps based on the flow of the methodology and waiting, as necessary, for the creation of 
required files. 

[0150] FIG. 24 is a methodology step page 1700 that shows the result of selecting a file step. Selecting the 
file step causes the methodology step page to be displayed. The methodology step page provides documentation 
regarding the nature of the file step. In addition, the methodology step page corresponding to a file step includes 
an archive button and an edit button. The archive button is used to handle options associated with archiving files. 
The edit button is used to edit all files associated with the file step. Further, in one embodiment, the designer may click 
on the file name to download file step information to view on the designer's workstation. 

[0151] For example, the methodology step page of FIG. 24 displays information regarding a Verilog netJist file. 
In this particular embodiment, the methodologist has specified that this file may be edited. Thus, there is an edit 
button on the methodology step page. Therefore, the Verilog netJist file may be edited when the designer presses the 
edit button. FIG. 25 is the Verilog netlist file in an editor which is deployed as a pop-up window when the edit 
button is pressed. 

[0152] Similarly, FIG. 28 illustrates a methodology step page displayed as a result of selecting an information 
step regarding power planning, which is implemented as a flow step. Power planning, alternatively referred to as 
floor plan based optimization, is a previously entered methodology to aid a designer in routing power and ground 
connections between blocks and to outside integrated circuit pins. In the floor plan based optimization, a 
methodologist enters power planning and routing guidelines as a methodology for a designer to follow in designing 
and laying out blocks on a chip. The floor plan based optimization methodology guides the designer in placing and 
routing power. The power planning methodology is primarily intended as a set of design rules recorded to aid a 
designer in laying out the power and ground connections. 

[0153] Returning now to FIG. 22, thus in step 1503 the interface and flow control tool provides for selection of 
a step or methodology. The designer may also make other selections at this step. The designer may opt for guided 
instructions, or recording of tool environment commands or the selective override of a tool at the block of chip level. 
[0154] As previously discussed, selection of a step results in the web server providing the designer a page for 
that step. For a job step, if the job step is set for executing as a batch job on a compute server, the page 
includes a selection of a compute server. A selection of a compute server causes the web server to request execution 
of the batch job on the compute server. 

[0155] In order to more fully describe aspects of the present invention, steps, taken by the program on the web 
server to result in execution of the batch job on the compute server are discussed with reference to FIG. 30. FIG. 
30 illustrates a process of providing for execution of a job step in batch mode. The process is executed at the 
methodology server. As the process executes in response to input from a web based input form, the process is a CGI 
program. In summary, the web server maintains information provided by methodologists during a capture of the 
methodology pertaining to the job step. The information includes a tool to be used, the location of files upon which 
the tool is to act, other parameters to be provided to the tool, and executable environment code for properly 
configuring the compute server for execution of the tool. 

[0156] Accordingly, in step 2601 the process prepares a file to be provided to the compute server for execution 
on the compute server. The file includes general purpose environment variables, i.e. global variables, for 
configuring the compute server. The global variables are of a general nature, and. are defined in a preset file on 
the methodology server. In step 2603 the process includes in the file values for environment variables stored in a 
second file on the methodology server. The values stored in the second file of the methodology server are unique to 
a specific methodology server, and allow for a methodology server administrator, for example, to additionally 
configure compute servers. In step 2605 the process examines the database, or specific files depending on the 
implementation, for the environment code provided by the methodologist As previously discussed, during methodology 
capture the methodologist is able to determine the environment in which a job is to execute by including executable 
configuration code to configure a compute server. In step 2607 the process sets the status of the job as ready to run. 
The status of the job is used to display to designers the status of the design tasks. In step 2609 the process 



EP 1 063 599 A2 

additionally examines the database, or the files depending on the implementation, to build a command line to execute 
the tool. The command line includes locations of files and the like as determin d by the methodologist during 
methodology capture. In step 2611 the process transmits the file, which is an executable script, to the compute 
server to provide for execution of the job step. The process thereafter returns. • - 

[0157] While a step of a methodology is being worked, the interface and flow control tool also prevents other 
designers from working on the step of the methodology. This occurs in st p 1505 of the process, where other 
designers are locked out from accessing the same step. 

[0158] During execution of "work on this step" in step 1507 of the process, the interface and flow control tool 
records tool execution status reports, and other items. Monitoring task performance provides many benefits. For 
example, if simulations using a particular tool begin to take an excessive amount of time, a problem with the tool 
or methodology may be indicated. Inquiry for the reasons for the long run time might be traced to a need for 
variations in the methodology for a particular design or to a problem associated with a tool. 

[0159] The interface and flow control tool also provides for problem reporting. If the designer determines that 
a problem exists in step 1509 of the process, the designer may choose to access the problem reporting page in step 
1511 of the process. The methodology server notifies other users of the existence of the problem in step 1512 of the 
process, or logs the problem against the block or chip on the design server in step 1 51 3 of the process. 
[0160] FIG. 26 shows an embodiment of a problem report page that is used to report problems encountered while 
engaged in the design process 1900. When a problem is found the designer clicks on the problem button 1901 shown in 
this embodiment. The problem button in this embodiment appears at the top of every web page. Problems may be 
logged against the tools, methodologies, blocks or chips. When noted against the tools and methodologies, the remote 
support teams will be notified. When problems are logged against blocks or chips this embodiment will alert the chip 
designers of problems in the progress of the design. 

[0161] After the problem is logged against a block or chip on the design server, the problem tool or methodology 
generally must be remotely, i.e., not on this server, debugged. For debugging purposes, design data files that 
contain information about the problem are needed. Typically, designers manually locate the files that are likely to 
be relevant and bundle them up for delivery to developers who are responsible for analysis and correction of 
problems. 

[0162] There may be some problems associated with requiring a designer to perform the file gathering task. First 
the designer may fail to locate one or more of the input and output files that are associated with the step in which 
the problem occurred. Second, the designer may select some files that are not relevant, causing confusion in the 
debugging process. Third, the designer may select the files that have correct names but without problem information 
because the selected files have not been taken at the right time to include information about the problem. 
[0163] One embodiment of the present invention, therefore, includes a new problem reporting process for 
methodology steps that relieves designers from having to locate and bundle files that are relevant to the debugging 
process. FIG. 27 is a problem reporting process. The process in step 1 521 allows a designer to mark a check box to 
indicate that data files are to be submitted with the problem report when the data files are desired along with the 
problem report The check box is preferably available in a problem report form, which the designer fills in and 
submits for processing. 

[0164] Once the problem report form for a particular step is submitted with the marked check box, the process in 
step 1523 displays a web page that contains a list of all input files and output files associated with the 
particular step. These input and output files include files from steps that point to the particular step and files 
from steps that the particular step points to. The process in step 1525 allows the designer to select the files that 
are to be included with the problem report and to deselect the files that are not to be included with the -problem report 
[0165] The process in step 1527 may give the designer an option to save design data files in the local server's 
problem reporting area for archival purposes. The process in step 1527 may also give the designer an option to 
attach the design data files to the problem report The problem report may be sent as an e-mail. The process in step 
1529 allows the designer to submit the form on the web page, having a list of selected and deselected input and 
output files, for processing. 

[0166] The process in step 1531 bundles the input and output files that have been selected and compresses them 
into a file. This bundle of files preferably includes chip info and block info files as well. The compression may be 
performed as a background task by a web server so that there is no timeout associated with the web page while 
waiting for the compression to take place. 

[0167] The process in step 1533 performs file saving or sending in accordance with options selected by the 
designer in step 1527. If the designer has selected to save the design data files in the local server's problem 
reporting area, then the bundled design data associated with the problem report is saved into the problem reporting 
area and a problem report is e-mailed with indication that the bundled design data have been saved locally by the 
web server. 

[0168] If the designer has selected to send the design data files as an attachment to the problem report, then 
the bundled design data is attached to the problem report and e-mailed. In this case, since the e-mail is to contain 
the bundled design data as an attachment, a UNIX process is preferably used to bundle and compress the design data 
files and not the web server process. Thus, in this case, the UNIX process, and not the web server process, 
preferably e-mails the problem report 

[0169] A bundling engine used for bundling is preferably a standard UNIX command far, which is in the standard 
location /bin. Thefar command is preferably not encapsulated into the integrated circuit design and fabrication system. 
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[0170] A compr ssion engine comprises a compression executable that is preferably specified to be an 
encapsulated integrated circuit design and fabrication tool so that it can be invoked in a machine independent 
manner. This compression engine is to perform the compression of bundled design data in the web server. The name of 
the compression engine is pref rably specified in the web server's configuration file. Thus, by modifying the 
configuration file, compression engines other than a standard compression engine may be selected. 

5 [0171] When a problem report with an associated bundled design data is displayed, the problem report web page 
preferably includes a download link to the file containing the associated bundled design data. A designer who has 
the problem preferably has an option to delete the file containing the associated bundled design data. 
[0172] Returning now to FIG. 22, in step 1515, the process determines if the designer's design task is finished. 
If it is not finished, he selects the next tool and proceeds with the whole process again until finished. In other 

10 embodiments the designer may have a choice of tools whether the tools are from different manufacturers or different 
versions of the same tool. This gives the designer the freedom to try different tools or different versions of the same 
tool and compare the results obtained. When all the design tasks are finished, a designer stops work and the 
progress achieved by the designer is recorded on the design server. The system updates the access list to allow the 
next designer to log in and perform his required part of the design. 

[0173] In addition, various pointers may be used to interlink methodologies, steps of methodologies and the 
15 location of the executables for those steps. Another alternative embodiment provides guided instructions to the 
designer as part of the methodology to increase the ease of execution of steps. In alternative embodiments, the 
methodologies do not all have to reside on the same methodology server. Work on some blocks may be split among 
several methodology servers. 

[0174] Thus, the present invention can provide a software suite supporting a methodologies-based approach for 
20 the development of large scale integrated circuits. Platforms are configured as web servers so that they may be 
easily accessed by designers in widely-varying physical locations and with widely-varying computer workstation 
capabilities. 

[0175] A suite of methodologies is defined for each block of an integrated circuit. This suite is defined by 
expert designers, through the use of an interface, who enter information regarding the steps and tools to be used 
during design of the blocks. The expert designer provides whatever documentation deemed appropriate to aid in 
25 completion of the steps. 

[0176] For each block within an integrated circuit, an expert designer attaches a methodology or set of 
methodologies in an ordered fashion to a block. These methodologies are then used by block designers to design and 
implement the block. 

[0177] The invention provides extensive reporting capability regarding the status of development of each block, 
Q as well as metrics pertaining to the implementation of the design. These metrics include, for example, information 
pertaining to the run time of various tools, the time taken to accomplish each methodology, as well as each step in 
that methodology. 

[0178] The invention also includes a common software interface (CSI). The CS| defines a number of functions 
which are to be supported by each tool used within the system. The functions from other tools. 

[0179] Accordingly, the present invention provides a design environment Although this invention has been 
35 described in certain specific embodiments, many additional modifications and variations would be apparent to those 
skilled in the art It is therefore to be understood that this invention may be practised otherwise than as 
specifically described. Thus, the present embodiments of the invention should be considered as illustrative and not 
restrictive. 



1. An integrated design environment for the design and test of integrated circuits, the integrated circuits being 
comprised of blocks, comprising: 

a plurality of computers, the computers including a browser for the display of pages including forms; 

at least one methodology server connected to the plurality of computers by a network, the methodology server 
including a page generator generating the pages' including forms and additionally including programs 
responsive to submission of inforrhation from the computers using the pages including forms; and 

at least one compute server connected to the network, the compute server including an electronic design 
automation tool, the compute server executing the electronic design automation tool in response to a request 
generated by a program resident on the methodology server. 



The integrated design environment of claim 1, wherein the pages including forms include methodology capture 
pages. 

The integrated design environment of claim 2, wherein the methodology capture pages include an input selection 
of a step type. 
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4. The integrated design nvironment of claim 3, wherein the step typ is comprised of a flow step, a job step, a 
file step, a sub-methodology step, a branch step, or an information step. 

5. The int grated design environment of claims 1 , 2, 3 or 4, wherein the network is an intranet 

6. The integrated design environment of claims 1 , 2, 3 or 4, wherein the network is the Internet 

7. The integrated design environment of claims 5 or 6, wherein the methodology server and the computers 
communicate using Hypertext Transfer Protocol. 

8. The integrated design environment of any preceding claim, wherein the pages including forms include methodology 
execution pages. 

9. The integrated design environment of claim 8, wherein the methodology execution pages include step forming a 
directed graph. 

10. The integrated design environment of claim 4, wherein an information step is comprised of an executable script 

11. The integrated design environment of claim 10, wherein a job step includes an executable configuration script. 

12. A method of designing blocks using computers for use in integrated circuit design comprising: 

capturing a design methodology, the design methodology having steps, the steps including sub-methodologies; 
attaching the design methodology to a block; and 
executing the design methodology for designing a block. 

13. The method of claim 12, further comprising the generation of metric data and reports. 

14. The method of claim 12 or 1 3, further comprising the generation of data to generate semiconductor masks. 

15. A method of designing blocks, the method including the association of methodologies with a block, comprising: 

determining the performance requirements of a block; 

entering the performance requirements of a block into a data base; 

determining methodologies for use in designing the block achieving the performance requirements; 
entering the selection of methodologies into a centrally located database; and 
executing the methodologies using remotely located computers. 

16. A web based method for designing integrated circuits comprising: 

recording a design methodology that includes data management revision control, data accessibility and 
logistics; and 

providing automated documentation and scheduling allowing concurrent engineering by multiple individuals or 
groups. 

17. A computer system for designing blocks for use in an integrated circuit comprising: 

a methodology server storing design methodologies; 

a user system linked to the methodology server, the user system selecting methodologies for a block; and 

a compute server linked to the methodology server and the user system, the compute server executing a step 
of a methodology. 



18. 



The integrated design nvironment of any of claims 2 to 4, wherein the methodology capture pages include means 
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for making compressible file steps and means for selecting a compression engine tool used during compression and 
decompression. 

19. The method of claims 12, 13, or 14, wher in the step of capturing a design methodology comprises: 

determining which file steps are candidates for automatic compression and d compression; 

marking the determined file steps; and 

specifying in a compression engine a tool to be used. 

20. The method of claim 19, wherein the step of executing the design methodology for designing a block comprises: 

compressing compressible files associated with the determined file steps if the compressible files are not 
yet compressed. 

21. The method of claim 19 or 20, wherein the step of executing the design methodology for designing a block 
comprises: 

decompressing compressible files associated with the determined filed steps if the compressible files have 
been compressed. 

22. The method of any of claims 12 to 14 or 19 to 21, wherein the step of executing the design methodology for 
designing a block comprises: 

editing a file. 

23. The method of claim 22, wherein the step of editing a file comprises: 

decompressing the file if the file has been compressed; 
modifying the file; and 

compressing the file if the file is compressible. 

24. The method of any of claims 12 to 14 or 19 to 23, wherein the step of executing the design methodology for 
designing a block comprises: 

executing a job using an input file to generate an output file. 

25. The method of claim 24 wherein the step of executing a job comprises: 

decompressing the input file; 

executing the job using the decompressed input file to generate the output file; 
compressing the input file; and 
compressing the output file. 

26. The method of any of claims 12 to 14 or 19 to 23, wherein the step of executing the design methodology for 
designing a block comprises: 

executing a chain job using one or more input files to generate one or more output files. 

27. The method of claim 26,wherein the step of executing a chain job comprises: 

decompressing the one or more input files; 
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executing a first I v I chain job; and 

compressing the input files that are not going to be us d to execute any other level-chain jobs. 

5 

28. The method of claim 26 or 27, wherein the step of executing a chain job further comprises: 

executing a next level chain job; 

10 compressing the input files that are not going to be used to execute any other level chain jobs; and 

repeating the steps of executing a next level chain job and compressing the input files that are not going 
to be used to execute any other level chain jobs until the last level chain job has been executed. 

15 29. The method of claims 26, 27 or 28, wherein the step of executing a chain job further comprises: 
compressing all remaining input files to be compressed; and 
compressing all output files to be compressed. 

20 

30. The method of any of claims 12 to 14 or 19 to 29, wherein the step of capturing a design methodology comprises: 
creating an XML file containing the design methodology. 

25 31. The method of claim 30, further comprising: 

generating multiple files for executing the design methodology using the XML file. 

30 32. The method of claim 30 or 31, further comprising: 

updating the design methodology by modifying the XML file. 

33. The method of of claim 32,further comprising: 

35 

generating multiple files using the modified XML file for executing the updated design methodology. 

34. The method of claims 30, 31 , 32 or 33, wherein the step of creating the XML file comprises: 
40 converting multiple files defining the design methodology into the XML file. 

35. The method of any of claims 12 to 14 or 19 to 34, wherein the step of executing a methodology for designing a 
block comprises: 

45 reporting problems encountered during execution of the methodology. 

36. . The method of claim 35, wherein the step of reporting problems comprises: 
SO indicating that data files are to be submitted with a problem report; 

indicating on a form a required format of the problem report; and 
submitting the form to create the problem report 

55 

37. The method of claim 36,wherein the step of indicating on a form comprises: 

selecting files that are to be included in the problem report; and 
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deselecting files that are not to be included in the problem report 



38. The method of claim 36 or 37, wherein the step of indicating on a form further comprises: 

checking check boxes for saving design data files. 

39. The method of any of claims 36, 37 or 38, wherein the step of indicating on a form further comprises: 

checking check boxes for attaching the design data files to the problem report. 

40. The method of any of claims 36 to 39, wherein the form includes a list of all input and output files. 

41. The method of any of claims 36 to 40, wherein the step of reporting problems further comprises: 

bundling the selected files and compressing the selected files into a compressed file. 

42. The method of claim 41 , wherein the step of reporting problems further comprises: 

saving the compressed file in a local server. 

43. The method of claim 41 or 42, wherein the step of reporting problems further comprises: 

attaching the compressed file to the problem report and sending the compressed file together with the 
problem report 

44. The integrated design environment of any of claims 1 to 11, wherein the programs responsive to submission of 
information from the computers are used to generate files that comprise a captured methodology. 

45. The integrated design environment of any of claims 1 to 11, or 44, wherein the program resident on the 
methodology server includes a CGI program for requesting the execution of the electronic design automation tool. 

46. The method of claim 12, further comprising the generation of test data. 

47. A design apparatus for the design of integrated circuits having blocks, comprising: 

a computer including a browser for displaying pages; 

a server connected to the computer by a network, including a page generator generating the pages based on 
design methodology and programs responsive to input from the computers using the pages and a memory for 
storing design methodology; and 

a processor executing design methodology stored in the memory. 

48. A computer program containing executable instructions that, when executed," cause a computer to perform the 
steps of: 

capturing a design methodology to a block; 
attaching the design methodology to a block; and 
executing the design methodology for designing a block. 

49. A computer readable medium on which is stored the computer program of claim 48. 
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